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commATivE of two v;iieiess diffusees 

DESIOINIEI) vOTH DIFFEIFNT SATEvS OF P.ASSAGE ' 


CUEVATUEE FOE ffilljD-FLOVr IMPELIiEES . 
By FrarJc J. Barlna 

SLFILARY 


The effect on diffuser perfoi'^rjunca of the pasaaf;,o curvature of 
two va.neless cliff usvers desjjjned with a 6^ equivalent -cone divergence 
angle along a logaritfc::oic-spiral path investigated in coiubinatlon 
with two piixed-flow Imnellerc. The diffuser perf cnGauce is baaed 
on the ratio of the over-all adiabatic efficiency of the compressor 
to the impeller adiabatic efficiency. The curves at actual impeller 
tip speeds of 700 and 1^00 feet per second are representative of the 
perfoimiance for the speed range investigated. The peak over-all 
adiabatic efficiency is compared with the corresponding’ diffuser 
eff iolenc^v’ . 

The large difference in the. pasaexr^e curvatui'e of the two vaneless 
diffuse?cs made no appreciable dij'^'ference in diffuser performance at 
the peak compressor efficiency for the range of speeds -investigated. 


INTEODITCTION 

Luring an investigation of the performance characteristics of 
mixed-flow impellers, a program to.s simultaneously conducted on 
vaneless diffusers to find means of taking full advantage of the 
inherently high efficiency, large flow capacity, and wide operating 
range of the mixed -flow impellers. Vaneleas diffusers designed by 
the method of reference 1 gave efficiencies as high or higher than 
those of a vaned diffuser previously investigated with the same 
impeller and. maintained the usual vaneless-diffuser characteristics 
of a flat performance curve and a wide operating range. The rear 
plate of the diffusers described in reference 1 wab designed to 
continue approximately the impel.ler-discharge angle d.a the axial 
direction for most of the radius. This configuration caused the 
complete coiiipreasor to have a great axial depth. 
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A considera'ble reduction in the axml depth, can he ach.ieved by 
curving both the f.ro.ut and rear plates of the diffuser to reduce the 
axial compone.rit of flo\r as rapidly as possible. This cuiarature, 
however, introduces a.notber prcblem in the desigi: of vanoloss dif- 
fusers because flow separation is likely to occui- alo.ng the front 
plate of the diffuser unless the paosa/;^e . area is rapidl.y reduced in 
the direction of flow. The optimum value of tbo contraction ratio 
for the transition section would probably be considerably less than 
the cptimuir! value of 0.72 reported i.n reference 3. . The recommen- 
dations concerning the cc.ntraction ratio ixi reference 1 were therefore 
co.nsidered inappl.icable to a vaueless-diffuser design that had a 
curved transition section^ 

The performance of two o4-iiiC.b-dlaiiiebe.c vane leas diffusers 
designed oy the method of reference 1 to match similar mixed-flow 
impellers is compared. These dil'f users have a large difference in 
passage curvature that is not considered ia the design method. The 
comparative perrorma.noe thus extends the ini’ormation available o.n the 
application of the design method of vancicss diffusers. 


APPARATUS /\IW PEC'CETUi-ill 
P If fuser a 

Two vaneless diffusers, designated A and B, were designed to 
match two mixed-flow impellers accordLiig to the dosigi'^. method of 
reference 1. Each diffuser had a equivalent - cone divergence angle 
along a logvarithmic spiral and an outside diameter of 34 inches. A 
dimensional cornparison of the passage cm'vatures of the vaneless dif- 
fusers is made ia f ignore 1. The conf iguration of diffuser x\ is the 
same as that used In refercenco 1 which ^ = 0.72. The quantity X is 
the ratio of the exit-passage (throat) width of the tra.nsiticn section 
to the Gnt3;ance-pas-sago widt'"} of the tra.iiaitio.ii sectio.n. Diffuser A 
maintains the axial discharge axiglo of the impeller for a greater part 
of the diameter before turnixig the air into a radial direction. Di.f- 
fuser 3 changes the direction of the flow leavi.ng tne impjeller to a 
radial direction bef’ore the air omters the diffuser proper. The profile 
of the rear plate at the transition section is formed by a circvilar arc. 
The I'rofilo of the front p].ate at this sectlori is a straight line 
ta.ugent to the imneller front shroud a.nd to a.nother arc at the diffuser 
entreance. The transitic.n sc 30 tion of this diffuser uses a gentle decroaae 
i.n flow area,, which extends over the entire passage curvature. Because 
of this area reduction, the value of X for diffuser B is 0.52. The 
ratio of the floT; area at the outlet of the transition section to the 
flow area at the entrance of this sectio.u is 0.94 for diffuser A. and 
O.eO for diffuser .3. 
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Iiapellers 

Tiio mlxod-f low impeller B la alowi la figiAre 2; mixed -flow 
impeller A is similar In appoarance. Each of the impellers has 
2?) hl'idea. A dimensional comparison of these impellers is made in 
the following table: 


Outside diameter, in 

Inlet diameter, in. .... 

mlet huh diajneter, in. 

Axial depth, in 

Blodo height at outlet, in 

Axia: discharge angle, deg 


Impell 

.er 

A 

B 

;i.£4 

11.36 

8.25 

8.25 

3.68 

3.63 

3.75 

4.16 

.76 

1.12 

30 

35 


Exoerime.ntal Setup 

The perforiuance of compressors A aiid B was determined in the 
variable -compozient rig in accoi’danco wi.tl; the methods of reference 2. 
Each Impeller Installation was made with a clearance of 0.035 inch 
measured statically with respect to the stationary front shroud and 
with the impeller in maximvm-thrust position. (See fig. 1.) A 600- 
horsej'.ower aii-craft engine in conj’jnction with a sx^eed increaser was 
used to drive the test rig. 


Instx’umentation 


The accui'acy of the measuromonts during stable operating con- 
ditions Is estimated to bo as follows: 


Tempex-atiire, % -0.5 

Pre:33’are, in. Ilg ^0.C2 

fressure surveys, in. % ±0.1 

Speed, Tjercent ±0.5 


Total-pressure tubes for sui’vsys across the impeller outlet 
were located apprcxiinately l/i inch from the impeller tip and par- 
allel to the blades. The transition section of the diffuser was 
divided into four equal s6{aDents, and the total-pressure ' 
surveys were taken at the center point of each of these segments. 

Some readings were taken dui-ing unstable flow conditions by recording 
the average of the fluctuating pressures, but these data were not used 
in the perfoi’manco analysis. The total-pressure- survey t’ubo was 
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3/32 inch in diameter and plu£ged at one end. A 0.020- inch-diameter 
hole waa drilled in the wall of this tube near the plugged end. 

Tho impeller tip speed was maintained at the desired constant 
value with the aid of a speed strip and a 60-cycle stroboscopic light. 
Frequent speed checks wore made with a revolution counter and a atop 
vratch . 


Experimental Procedure 

The investigation of tho compressors was condi).cted according to the 
methods of reference 2. A method of experimental proced’ii'e similar to 
that outlined in reference 1 was used for cornpressor B. Compressor A 
was run at actual impeiler tip speeds of 700, 900, 1100, and 1200 feet 
per second. Com^^ressor B was run at actiial impeller tip speeds of 
700 to 1200 feet per second at increments of 100 feet per second. 
Eoom-temxjeratur’e inlet air was used foi’ these investigations. 


Compiitation 

The over-all cempreasor performance was determined according to the 
method of reference 2. Performance characteristics of the raixed-flow 
impellers were based on the arithmetical mean of the total-pressure 
surveys at the impeller tip. Because the compressor installations were 
enclosed in an insulated system, the total temperature measured in the 
outlet pipe was assumed to bo the same as that at the imx>eller-outlet 
station. The diffuser efficiency, used to evaluate the performance of 
the vaneless diffusers, is defined as tho ratio of the over-all adiabatic 
efficiency of the compressor to the impeller adiabatic efficiency. 


EESITLTS M-jp DISCUSSION 

Adiabatic efficiency at actual impeller tip speeds of 70C 

1200 feet per second is shovm as a function of the load coefficient Q/n 
(where: Q, volume flow, cu ft/soc; n, impeller speed, rps) in figures 3 

and 4 for compressors A and 3. Tho parameter Q/n was used because 
reference 1 showed that the flow conditions described by this param- 
eter determined to a lai-ge extent the performance of the diffuser. 

Over tho speed range Investigated, these curves are representative of 
the performance of tho vanoloas dlff\isors. 
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The variation of diffuser efficiency with the .load-coefficient 
parameter Q/n is shown in figure 5 at actual impeller tip speeds 
of 700 and 1200 feet per second. The greatest error in these effi- 
ciencies arises from the inaccuracy of the impeller-performance 
determination. Both diffusers had. a small variation in efficiency . 
for the range of volume flow at each of these speeds. ' The effi- 
ciency of diffuser B could not be determined at the hif^ load 
coefficients at a tip speed of 1200 feet per second because of the 
unstable operating characteristics of impeller B, A comparison of 
figures 3, 4, and 5 indicates that the efficiency of impel.ler B 
was less than that of impeller A at the hi^ tip speeds. 

The peak over-all adiabatic efficiencies and the corresponding 
diffuser efficiencies of the two compressors are plotted against 
the impeller tip speed in figure 6. The peak over-all efficiencies 
of the two compressors are approximately the same at 700 feet per 
second. As the tip speed is increased to 1200 feet per second, the 
efficiency of compressor B decreases rapidly in comparison with 
compressor A. Although at the hi^iest speed there is a difference 
of 0.12 in peak over -all efficiency between the two compressors, • 
there is very little difference in the efficiency of the two vane- 
less diffusers. This particular trend is also apparent at low 
speeds. The diffuser -efficiency ciurve thus shows that the per- 
formance of vaneless diffusers A and B was not affected appreciably 
at the peak over-all efficiencies by differences in diffuser- 
passage curvature and slight differences in the impellers. Inas- 
much as the flow entering diffuser B was probably more tiurbulent 
than that entering diffuser A, owing to the difference in imiieller 
performance, diffuser B was not benefited by the difference in 
Impeller performance. Consequently, the curvature of diffuser B 
did not promote any appreciable disturbances to the flow. 


SUIMARY OF RESULTS 

An experimental investigation, conducted in a variable- 
component rig, of two vaneless diffusers of different passage 
curvatures, designed for similar mixed -flow impellers, showed that 
the large difference in passage curvauure of those diffusers made 
no appreciable difference in diffuser performance at the peak 
compressor efficiency for the range of speeds investigated. 


Flight Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, June 23, 1947. 
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Fig- 2 



Figure 2. - Mixed-flow impeller 8. 
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Fig. 3 
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(a) Actual tip speed, 700 feet per second. 



(b) Actual tip speed. 1200 feet per second. 

Figure 3, - Performance cha rac te r i st i cs of compressor A. 
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Load coefficient, Q/r\, cu ft/revolution 
(d) Actual tip speed, 1200 feet per second. 

Figure 4. - Performance characteristics of compressor B. 
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Figs. 5, 6 
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(a) Actual tip speed, 700 feet per second. 
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Figure 5. - Comparison of efficiencies of vaneless diffusers A and 8. 
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Figure 6. - Comparison of diffuser efficiencies with peak over-al 
efficiencies for compressors A and B, 





